Abstract: Significant variability characterizes natural streams in space and time that describe hydraulic regime of the entire stream. In this paper, the importance of investigation and assessment of hydraulic system in the context of management of surface water resources is discussed. The objective of this study is to investigate hydraulic regime in the middle part of Loire River located in France. Loire River basin is the largest river basin in France and origin of many potential flood events. Investigation of a hydraulic regime of the Loire River is conducted using traditional hydraulic simulation model HEC-RAS. Hydraulic modeling of the river is carried out by considering two different datasets (i.e. flood and low flow events). A certain number of hydraulic structures, which have the significant effect on the hydraulic regime of the river, is considered as well. Through Froude number computation, it is noticed that middle part of the Loire River demonstrates subcritical regime. Accurate calibration and validation of the model are performed by changing Manning coefficient along the riverbed. Computation carried out for both data sets; show that there are no big differences between observed and simulated water levels, results obtained are satisfactory. Therefore, to get more accurate information about the hydraulic regime at the middle part at of Loire River, the further simulation needs to be done by considering an additional dataset of floods and low flow events.
Introduction
Flow discharge in a natural stream has significant variance in time and space scale. Whereas, flow regime along a riverbed may change form, hour-to-hour, days to days and so on. To understand flow characteristics and hydraulic regime related to the natural 146 A. KURIQI, M. ARDIÇLIOöLU Pollack Periodica 13, 2018, 1 stream, precise measurements are needed [1] - [4] . Therefore, management of water resources, especially surface water is a challenges task for engineers and stakeholders as well. In this context, assessment of design flood is the most important task in the hydrological study, regarding water resources project like; bridge, dam and culvert.
Natural hazard represented by floods events are revealing significant threat for inhabitants, while global damages due to climate change and floods have increased [5] - [8] . Therefore, even in the most complicated situation that could occur during the flood peak, the level of the hazard may be reduced with better management of the river basin. Many investigations and studies show that risk level or damage rate does not depend only on flood peak. In addition, the geomorphology of the flood plain and land use next to the river has a significant effect on flood magnitude amplification [9] - [12] .
Concerning to the flood magnitude amplification, climate conditions have a major role, since heavy rainfall leads to the increments of the reservoir water level and also a possible overtopping failure of retaining structures [13] - [16] . Many studies in the field of hydraulic and hydrology, involving especially dam breach are used to determine hazard index in the framework of the life-safety, economics, environmental and cultural loose [17] . In this paper, the hydraulic regime at the middle part of the Loire River in the case of floods and low flow events is discussed. Loire River is the largest river basin in France; it is about 1020 km long, and a total area of the catchment is about 117000 km 2 , [18] . The Loire is a source of many potential flooding during the wet period (i.e. spring season), while during the dry period (i.e. summer season) significant decrements of water level occur [19] , [20] . Loire River basin is divided into 68 sub-catchments ( Fig. 1) , with an average size of each sub-catchment around 2000 km 2 . Fig. 1 . Loire river basin with 68-delineation sub-catchment after [21] 
Materials and methods
For modeling and investigating of the hydraulic behavior of the Loire River the following data set is used: a) Hydraulic models are carried out in HEC-RAS; b) Topographical information for the river cross sections;
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In addition, flow data and water levels obtained from the sections regarding records done during the following years; 2008-2009 and 2011-2012. There are two different methods for estimation of the seasonal and annual discharge behavior of rivers: 1) Flow data analysis 2) Mathematical models, [22] .
The first method is based mostly on statistical analysis of the hydro-meteorological data records, while the second one takes into account empirical relations between maximum flow (i.e. floods) and geomorphological characteristics of the river basin [23] . In addition, there are many mathematical models used for flood prediction and propagation, among them Rainfall-Runoff (RR), which is still seldom used because of the lack of accuracy [24] . In this study as mentioned above, the well-known mathematical model is used (i.e. HEC-RAS) to perform certain unsteady gradually varied flow simulations. Mathematical model HEC-RAS is based on Saint-Venant equations (1), (2) , which is also based on finite differences solutions [25] , [26] , and open channels are described by considering simple cross section, one-dimensional hydraulic equation, but in reality, hydrodynamic processes in the natural river are quite complex. Therefore, one-dimensional flow is not proper assumption [27] . Whereas to avoid uncertainties' concerning to the transition phase between subcritical and supercritical flow, since finite differences method is limited, the mixed-flow routine is considered during the simulation [28] . In addition, to have a clear idea about the hydraulic behavior of the middle part of Loire River, except unsteady flow analysis and certain calibration, a steady flow analysis is performed. While particular calibration is made concerning to the Manning coefficients, for a different part of the river by also improving the initial geometry (i.e. interpolating sections, introducing necessary structures if necessary). Afterwards, the observed and simulated water level is compared. Firstly, the model is calibrated by considering the first set of the flow data and water levels regarding discharge measurements conducted on the year 2008. The calibration of Manning coefficient for steady flow is done starting from the downstream to back upstream part of the river. The relevant records of hydrometric data considered for validation of the model are obtained from certain number gauge stations. To achieve a proper setting of the model, it is necessary to define the criterion for model calibration. Therefore, sections implemented in the design that is closer to the gauge stations are calibrated. Therefore, it is deduced that differences between simulated water level (H sim ) during the modeling and observed water level obtained from the set of given data (H obs ), is less or max. About to 10-30 cm. Available information about the position of the gauge stations facilitated us to define the distance between them. For each segment of the river, the first step of the calibration procedure is changing the Manning coefficient of the riverbed and floodplain after that the validation for new geomorphological conditions. To remain consistent with the observed roughness of the riverbed, the Manning coefficient should not exceed more than 0.05 for the main channel or 0.06 if the riverbed is very meander [29] .
As it is mentioned above, if the difference between simulated and observed elevation is less than 10 to 30 cm it is an indicator that Manning coefficient for a particular segment of the river is properly calibrated. If this is not the case, it will be necessary to analyses the section along the river bed where distinct improvement of the conditions should be achieved by calibrating Manning coefficient. Also, all structure along the river is checked, that means all necessary hydraulic structures that are affecting significantly the hydraulic conditions and regime of the river are considered in the model. In addition, to obtain the same simulated discharges with observed ones at gauging stations and to get the full picture of the hydraulic regime of the river effluents, which contributing on the total flow discharge of the Loire River are considered as well. Flow amounts provided by each effluent are equal to the flow rate observed in the corresponding measurement at each respective gauge station.
Results and discussion

Calibration of initial geometry
The initial geometry of the river is interpolated in several sections at the particular distance between them to obtain a representative simulated water level compare with the observed one. In this context, it is decided to interpolate all sections that need to be simulated with ∆x=500 m since in these ranges high variations of the water level may occur within the x-direction. Before running the unsteady analysis, several check and proper correction are performed. During the several tests, an error is identified concerning to the elevation of free water surface at one of the considered station. Indeed, the absolute level is not known and what was only known is a relative datum, which is about 180 m. Due to this uncertainty, this station is not considered during the analysis and calibration.
Differences between the actual cross-section of the gauge stations and particular section in HEC-RAS sometimes are too high. For example, the original part of the Gilly station is at a distance of 10.3 km upstream (in HEC-RAS is section 91.4). In addition, at Fourneau station is noticed an error in distance, typically this station in HEC-RAS has to be 3.2 km downstream (i.e. in HEC-RAS model is section 76). In the case of long distance, it is necessary to raise the side of the free surface simulated in another section, closer to the actual gauge station.
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It is assumed that the distance is not too long (less than ∆x=1 km), so the same parameters are considered in this case. The representative cross-section after interpolation and unsteady analysis are presented in Fig. 2 . As it is shown, maximum flow discharge at initial stage regarding upstream part is about 1700 m 3 /s, while the water level is about 277 m (a.s.l). On the other hand, maximum flow discharge at closing stage regarding the downstream part of the river is about 1500 m 3 /s, whereas water level is about 172 m (a.s.l). It is deduced that there is a reduction of flow discharge at the closing stage, this happens due to the allocation; part of the water amount in ineffective areas. This phenomenon is often in the case if the riverbed slope is not too steep; the same situation is discussed in this study. A detailed presentation of the flow discharge and hydraulic depth for the particular sections along the total length of the riverbed is given in Fig. 3 .
Regarding the figure above, 0 m distance represent closing stage at the downstream part while 200 000 m initial stage at the upstream part. There is a significant fluctuation of the flow discharge and hydraulic depth along the riverbed. Since the length of the river is too large, the reason for the variation along the riverbed is mostly due to the morphology of the river, which is very variable [30] , [31] , [32] . Concerning to the river bed morphology, upstream part is characterized by high diversity; this is evident since along this section of the riverbed there is a significant fluctuation of the flow discharge and hydraulic depth as well. 
where Fig. 5a and Fig. 5b 
Impact of implemented hydraulic structures
To perform accurate unsteady state analysis and to validate the calibrated model, except interpolation between sections and changing of Manning coefficient, only hydraulic structures located at an upstream and downstream part of the river as it is shown in Fig. 6 , are considered in this model. There are many bridges and dams implemented along the Loire River, but in the HEC-RAS model, only the hydraulic structures that could affect the water level are considered. However, it is observed that there are not any significant differences. Summary of the Manning coefficients calibrated for different sections; hydraulic structures included in the model and result of water level observed and simulated can be seen in Table I . The hydraulic structure that is necessary to be implemented in the HEC-RAS model is determined from Geoportal site. Bridges with an abutment and inline structure as it is shown in Fig. 7 represent the type of hydraulic structures included in the model.
It is noticed that the Manning coefficient has a less effect on water levels than hydraulic structures such as inline structures. So small floodplain does not contribute too much on water level fluctuation, in these conditions, all values of Manning coefficient are considered 0.04.
Validation and calibration by using low flow data
Further calibration and validation of the model developed in HEC-RAS are done by using another set of data (i.e. low flow data), based on 2011-2012 records. Whereas low flow data are introduced at, each respective effluents, and accurate simulation are performed to notice any possible differences between observed and simulated water levels. Information about observed, simulated water levels, absolute differences occurred after calibration and validation of the model are presented in Table II . As it is shown in Fig. 8 it is noticed that differences between observed and simulated water levels are increasing from upstream to downstream part, this phenomenon may happen because of rising floodplain.
Since the floodplain is growing, this leads to the increase of uncertainty that is caused mostly by the geomorphological condition of the riverbed. However, after validation of the model, it is concluded that maximum differences between observed and simulated water level are about 15 cm; the results are satisfactory and reasonable. Note that; data used to conduct the model validation are obtained mainly from the low flow event, so to have a model that works in all cases; further simulation has to be performed by considering different flood events in combination with low flow event.
A. KURIQI, M. ARDIÇLIOöLU Pollack Periodica 13, 2018, 1 Fig. 8 . Representation of differences between observed and simulated water level
Conclusions
To understand the hydraulic regime of the natural stream is imperative to have as much as accurate possible information about the geomorphology of the river bed within the cross-section and longitudinal section as well. Investigation of the hydraulic regime has been done by performing a certain number of simulations at a middle part of the Loire River. For this purpose, two different flow dataset are used. In addition, since Loire River is characterized by significant variability concerning to the geomorphological condition, proper calibration regarding Manning coefficient are performed. The maximum variation of Manning coefficient considered for different sections along the longitudinal profile of the river bed varies between 0.04-0.06. The highest value of the Manning coefficient is found only for cases where significant meandering of the riverbed is noticed. After precise calibration regarding the Manning coefficient along the riverbed, also, some of the primary hydraulic structures that may affect the water levels are included in the model. Considering first data set (i.e. flood event), several simulations are performed where sub-critical flow regime is noticed. Water levels obtained after modeling and simulations are compared with observed water levels obtained from gauge station at Loire River. Comparison of both levels shows that there are not too high differences between them. Further simulation is performed by considering second data set (i.e. low flow). The water levels difference between observed and simulated ones is about 0.15 m. While the comparison of the results obtained from both cases shows that differences of observed with simulated water levels in the first instance (i.e. flood event) are less than second case (i.e. low flow). So to obtain results that are more accurate and information about the hydraulic regime of the river, further modeling and simulation may be needed by considering additional data set (i.e. flood events in combination with low flow phenomena).
